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ABSTRACT : PROBLEM TO BE SOLVED: To provide a lubricating oil supplying device having a small 
volume at a low cost to supply a lubricating oil from a lubricating oil distributing valve 
selected according to a lubricating oil supply position of an injection molding machine. 

SOLUTION: The lubricating oil supplying device comprises a tank 4 for storing the 
lubricating oil, a lubricating oil pump 2 connected at a suction side to the tank 4, a motor 3 
for driving the pump 2, a controller 9 for controlling the motor 3, and a switching valve 5 
connected to a discharge side of the pump 2. In this case, at least one advancing type 
lubricating oil distribution valve 6 for distributing the oil to a plurality of oil supply positions, 
and at least one parallel type lubricating oil distribution valve 7, are selectively connected 
to the discharge side of the pump 2 by the valve 5. Accordingly, an optimum combination 
of the valve 6 and the valve 7 is made corresponding to the oil supply position, and the 
supply device can be reduced in size and cost. 
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(54) Automatic lubricator for injection molding machine 

(57) An automatic lubricator for an injection molding 
machine, capable of performing proper lubrication in 
accordance with operation environment of the injection 
molding machine. A lubrication interval Ls is controlled 
according to length of cycle time S of the injection mold- 
ing machine so that the lubrication interval Ls is 
increased when the cycle time S is long and it is 
decreased when the cycle time S is short. Further, 
when a ball screw temperature tl is high the lubrication 
interval Ls is accordingly decreased by ADL, and when 
the ball screw temperature t1 is low the lubrication inter- 
val Ls is accordingly increased by ADL Also, when the 
ambient temperature t2 is high the operation time Tp of 
a lubricating pump 2 is decreased, and when the ambi- 
ent temperature t2 is low the operation time Tp is 
increased to stabilize the lubrication quantity. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an improve- 
ment in an automatic lubricator for an injection molding 
machine. 

2. Description of the Related Art 

[0002] Movable parts of an injection molding machine, 
for example, a sliding part or a rotating part in an injec- 
tion mechanism section, a mold clamping section, a 
mold thickness adjusting section and an ejector mecha- 
nism section are generally lubricated by direct supply 
operation of lubricant using a grease gun or the like. 
[0003] An automatic lubricator which is used to per- 
form centralized lubrication by using an electrically- 
driven lubricating pump connected to piping has been 
known conventionally. However, the conventional auto- 
matic lubricator performs only lubricating operation by 
automatically operating a lubricating pump at predeter- 
mined lubrication intervals. If a variation occurs in the 
operation environment such as cycle time and ambient 
temperature of the injection molding machine, the con- 
ventional lubricator cannot respond to this variation, so 
that excess or insufficient lubricating operation is per- 
formed undesirably. 

[0004] Also, even if the lubrication intervals are fixed, 
the lubrication quantity per one pump operation is var- 
ied by the operation environment, so that the residual 
quantity of grease in a reserve tank cannot be predicted 
accurately. Therefore, there is a fear that the lubricant 
refilling work delays, resulting in hindrance to lubricating 
operation. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
an automatic lubricator for an injection molding 
machine, capable of performing proper lubricating oper- 
ation in accordance with the operation environment of 
injection molding machine. 

[0006] The automatic lubricator of the present inven- 
tion comprises a lubricating pump for supplying lubri- 
cant to movable parts of the injection molding machine, 
and a controller for controlling an interval of operation of 
the lubricating pump or operating time of the lubricating 
pump for one lubrication based on at least one of cycle 
time of injection molding machine, temperature of the 
lubricated parts and ambient temperature. 
[0007] In the case where the controller controls the 
lubricating pump to perform lubricating operation each 
time when set number of shots are completed and also 
adaptively controls the lubrication interval by adjusting 
the set number of shots, the controller makes the lubri- 



cating pump perform lubricating operation each time 
when at least one of the number of injection operations 
and the number of mold clamping operations reaches 
the set number of shots. Thereby, even when only a par- 
5 ticular portion of injection molding machine is driven as 
in the case of mold clamping control operation and 
purging operation, running out of the lubricant can be 
prevented. 

[0008] Also, by displaying at least one of residual 
io quantity of the lubricant in a reserve tank, remaining 
tune until refilling of the lubricant is needed, and date 
and time when the refilling of the lubricant is needed on 
a display, the running out of lubricant can be prevented. 

is BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

FIG. 1 is a block diagram showing a principal por- 
20 tion of a controller for an electrically-driven toggle 
type injection molding machine in accordance with 
one embodiment of the present invention; 
FIG. 2 is a block diagram showing a principal por- 
tion of an automatic lubricator in accordance with 
25 the embodiment; 

FIG. 3 is a diagram showing one example of a data 
file for controlling the lubrication interval based on 
the cycle time; 

FIG. 4 is a table showing one example of a data file 
30 for correcting the lubrication interval based on the 
ball screw temperature; 

FIG. 5 is a diagram showing one example of a data 
file for controlling the pump operation time based 
on the ambient temperature; 
35 FIG. 6 is a flowchart showing one example of proc- 
ess for carrying out adaptive control of automatic 
lubricating operation; 

FIG. 7 is a flowchart showing one example of 
another process for carrying out adaptive control of 
40 automatic lubricating operation; and 

FIG. 8 is a flowchart showing one example of 
another process for carrying out adaptive control of 
automatic lubricating operation. 

45 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] One embodiment in which the present inven- 
tion is applied to an electrically-driven toggle type injec- 

50 tion molding machine will be described below with 
reference to the accompanying drawings. 
[0011] FIG. 1 is a block diagram showing a principal 
portion of a controller 10 for an electrically-driven toggle 
type injection molding machine, which is also used as a 

55 control section for an automatic lubricator, and FIG. 2 is 
a block diagram showing a principal portion of an auto- 
matic lubricator 1 adaptively controlled by the controller 
10. 
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[0012] As shown in FIG. 1, the controller 10 has a 
CNC CPU 25 which is a microprocessor for numerical 
control, a PC CPU 1 8 which is a microprocessor for pro- 
grammable controller, a servo CPU 20 which is a micro- 
processor for servo control, and a pressure monitor 5 
CPU for performing sampling process of pressure by 
detecting an injection pressure and screw back pres- 
sure from a pressure detector located on the body side 
of injection molding machine via an A/D converter 1 6. In 
this controller 10, information transfer can be effected 70 
between the microprocessors by selecting the mutual 
input/output via a bus 22. 

[0013] The PC CPU 18 is connected with a ROM 13 
which stores a sequence program for controlling the 
sequence operation of injection molding machine, a 15 
program necessary for adaptive control of the automatic 
lubricator 1, and the like, and a RAM 14 which is used 
for temporary storage of arithmetic data etc. The CNC 
CPU 25 is connected with a ROM 27 which stores a pro- 
gram for controlling the injection molding machine as a 20 
whole, and a RAM 28 which is used for temporary stor- 
age of arithmetic data etc. 

[0014] Also, each of the servo CPU 20 and the pres- 
sure monitor CPU 17 is connected with a ROM 21 stor- 
ing a control program for servo control only and a RAM 25 
19 used for temporary storage of data, and a ROM 1 1 
storing a control program regarding sampling process 
etc. of injection pressure and a RAM 12 used for tempo- 
rary storage of data, respectively. 

[0015] Further, the servo CPU 20 is connected with 30 
servo amplifiers 15 for driving servomotors of axes for 
mold clamping, for injection, for screw rotation, for ejec- 
tor, etc. based on a command from the CPU 20. The 
output from a position and velocity detector installed on 
the servomotor of each axis is returned to the servo 35 
CPU 20. The present position of each axis is calculated 
by the servo CPU 20 based on the feedback signal from 
the position and velocity detector, and updated and 
stored in the present position storage register for each 
axis. 40 
[001 6] FIG. 1 shows only a servo amplifier 1 5 for injec- 
tion, a servomotor M, and a position and velocity detec- 
tor P. The configurations for all axes for mold clamping, 
for ejector, etc. are equal to this. However, for screw 
rotation only, the present position need not be detected, 45 
and the velocity has only to be detected. 
[0017] An interface 23 is an element for sending an 
ON/OFF control signs to a lubricating pump 2 provided 
on the automatic lubricator 1 . In addition, the tempera- 
ture measurement values from a temperature detector 8 so 
installed to a lubrication section on the injection molding 
machine side, for example, a ball screw for driving a tog- 
gle, and a thermometer 9 disposed at a molding work 
place where the injection molding machine is installed 
are input to the interface 23. 55 
[0018] A manual data input device 29 with display is 
connected to the bus 22 via a CRT display circuit The 
selection of graph display screen and function menu, 



the input operation of various data, and the like can be 
performed with this input device 29. The input device 29 
is provided with ten keys for inputting numerical data 
and various function keys. 

[0019] A nonvolatile memory 24 is a molding data 
storage memory for storing the molding conditions, var- 
ious setting values, parameters, macro variables, and 
the like regarding the injection molding work The non- 
volatile memory 24 also stores a data file necessary for 
adaptive control of the automatic lubricator 1 . 
[0020] Also, the nonvolatile memory 24 stores the 
data regarding the operation state of injection molding 
machine, for example, the data for each shot as to the 
aforementioned injection pressure and screw back 
pressure and the cycle time for each shot, as in the prior 
art. 

[0021] By the above-described configuration, the PC 
CPU 18 controls the sequence operation of the whole 
injection molding machine, and the CNC CPU 25 dis- 
tributes movement commands to the servomotors of 
axes based on the operation program in the ROM 27, 
the molding conditions in the nonvolatile memory 24, 
and the like. Also, the servo CPU 20 carries out servo 
control such as position loop control, velocity loop con- 
trol, and current loop control, as in the prior art. based 
on the movement command distributed to each axis and 
the feedback signal of position and velocity detected by 
the position and velocity detector, executes a so-called 
digital servo process, and drives the servomotor of each 
axis. 

[0022] As shown in FIG. 2, the automatic lubricator 1 
adaptively controlled by the PC CPU 18 of the controller 
10 includes a lubricating pump 2 formed integrally with 
a reserve tank, main pipes 3 for introducing grease, 
which is delivered from the lubricating pump 2, to the 
injection molding machine side, junctions 4 connected 
to the main pipe 3. distributors 5 provided on the junc- 
tion 4, branch pipes 6 for introducing grease, which is 
distributed by the distributor 5, to a lubricating unit 7 at 
each part of injection molding machine, and lubricating 
units 7 provided in the sliding section and rotating sec- 
tion of injection molding machine to be lubricated. 
[0023] The lubricating unit 7 is made up of, for exam- 
ple, a sliding sleeve interposed between a movable 
platen and a tie bar of injection molding machine, a piv- 
otally mounting sleeve provided in a rocking section of 
toggle mechanism, and a socket installed on a ball 
screw for injection or for driving the toggle. As described 
above, in this embodiment, the temperature detector 8 
is installed to the lubricating unit 7 formed by the socket 
installed to the ball screw for driving the toggle. 
[0024] The lubricating unit 7 has various sizes, large 
and small, depending on the installation position 
thereof. Also, since there is a difference in the substan- 
tial number of sliding motions and rotating motions per 
time, the distribution percentage of grease to each lubri- 
cating unit 7 can freely be set manually by each distrib- 
utor 5 provided on each junction 4. 
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[0025] Next, the lubricating operation of the automatic 
lubricator 1 will be described with reference to a flow- 
chart (FIG. 6) for automatic lubrication process exe- 
cuted repeatedly for each predetermined cycle by the 
PC CPU 18 of the controller 10. 

[0026] The PC CPU 18, which has started the auto- 
matic lubrication process for each predetermined cycle, 
first determines whether or not a flag F1 showing auto- 
matic lubricating operation being executed is set (Step 

51) , and whether or not a flag F2 showing a waiting 
state of refilling of grease to the reserve tank is set (Step 

52) . Since the automatic lubricating operation is not 
being performed at the initial stage after the start of 
process, and the reserve tank is full of grease, neither 
flag is set. Therefore, the determination results of Steps 
S1 and S2 are No. 

[0027] Then, the PC CPU 18 determines whether 
automatic operation is selected or manual operation 
(including semi-automatic operation) is selected as the 
operation mode of injection molding machine (Step S3). 
If automatic operation is not selected, the automatic 
lubrication process of this cycle isfinished without being 
further executed. Therefore, in the case of manual oper- 
ation mode, substantial automatic lubrication process is 
not executed. 

[0028] On the other hand, if automatic operation is 
selected, the PC CPU 18 first increases the value of a 
counter L forming a timer by 1. and updates and stores 
the elapsed time from the previous automatic lubricating 
operation (Step S4). Then, the PC CPU 18 reads the 
present value t1 n of ball screw temperature via the tem- 
perature detector 8 and the present value t2n of ambi- 
ent temperature via the thermometer 9, and also reads 
the present value Sn of cycle tune of molding work 
stored in the nonvolatile memory 24 (Step S5), and 
adds these values to integrating registers t1 , t2 and S, 
respectively (Step S6). 

[0029] Next, the PC CPU 18 determines whether or 
not the present value of the counter L reaches the initial 
setting value Ls of lubrication interval (Step S7). If the 
present value does not reach Ls. the automatic lubricat- 
ing operation need not be performed, so that the auto- 
matic lubrication process of this cycle isfinished without 
being further executed. 

[0030] Until the present value of the counter L reaches 
the initial setting value Ls of lubrication interval, only the 
processes of Steps S1 to S7 are repeatedly executed in 
the same manner as described above. 
[0031] During the time when such processes are 
repeatedly executed, when the fact that the present 
value of the counter L has reached the initial setting 
value Ls of lubrication interval is detected by the deter- 
mination process of Step S7, and it is verified that the 
lubrication time has come, the PC CPU 18 divides each 
value in the integrating registers t1. t2 and S by the 
present value of the counter L, and thereby determines 
a mean value t1 of ball screw temperature and a mean 
value t2 of ambient temperature during the time from 



the previous automatic lubricating operation to the 
present time, and a mean value S of cycle time of mold- 
ing work (Step S8). Further, the PC CPU 18 determines 
a correction value ADL of lubrication interval corre- 

5 sponding to the mean value t1 of ball screw temperature 
and operation tune Tp of the lubricating pump 2 corre- 
sponding to the mean value t2 of ambient temperature 
(Step S9). and adds the correction value ADL to the 
lubrication interval Ls to correct the value of lubrication 

70 interval Ls to a value Ls considering the cycle time S 
and the ball screw temperature tl of injection molding 
machine (Step S10). 

[0032] FIGS. 3, 4 and 5 each show an example of a 
data file in the nonvolatile memory 24 used for the proc- 

15 ess of Step S9. 

[0033] FIG. 3 shows a data file showing a relationship 
between the mean time S of cycle time and the lubrica- 
tion interval Ls. In this embodiment, the lubrication inter- 
val Ls is set so that the lubrication interval Ls decreases 

20 as the cycle time S is shortened and the consumption of 
grease becomes heavy. Also, the lubrication interval Ls 
is set so that even when the cycle time S is long, the 
minimum necessary lubricating operation is performed 
at some intervals, considering the deterioration, evapo- 

25 ration, etc. of grease. 

[0034] FIG. 4 shows a data file showing a relationship 
between the ball screw temperature t1 representing the 
temperature of grease and the correction value ADL. 
The correction value ADL is set so that when the ball 

30 screw temperature t1 is low and the load of injection 
molding machine is low the lubrication interval Ls is 
increased, and when the ball screw temperature t1 is 
high and the load of injection molding machine is high, 
the lubrication interval Ls is decreased. 

35 [0035] FIG. 5 shows a data file showing a relationship 
between the ambient temperature t2 and the operation 
time Tp of the lubricating pump 2. The pump operation 
time Tp is set so that when the ambient temperature t2 
is low and the viscosity of grease is high, the pump 

40 operation time Tp is increased, and when the ambient 
temperature t2 is high and the viscosity of grease is low, 
the pump operation time Tp is decreased. 
[0036] The PC CPU 1 8, which has reset the values of 
the pump operation time Tp and the lubrication interval 

45 Ls, gives an operation command to the lubricating pump 
2 to start the delivery of grease (Step S11), resets the 
values of the counter L and integrating registers t1, t2 
and S (Steps S12 and S13), and sets the flag F1 show- 
ing automatic lubricating operation being executed 

50 (Step S14), by which the automatic lubrication process 
of this cycle is finished. 

[0037] As the result that the flag Fl is set. in the auto- 
matic lubrication process of the next cycle, the determi- 
nation result of Step S1 becomes Yes. Then, it is 
55 determined whether or not the value of the counter L 
reaches the operation time Tp of the lubricating pump 2 
(Step S15). At the present stage immediately after the 
start of operation of the lubricating pump 2, the determi- 
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nation result is No. Therefore, the PC CPU 18 increases 
the value of the counter L by 1 (Step S28), by which the 
automatic lubrication process of this cycle is finished. 
[0038] Thereafter, only the processes of Steps S1, 
S15 and S28 are repeatedly executed for each prede- 
termined cycle. During this time, if it is judged in the 
determination process of Step S15 that the value of the 
counter L has reached the operation time Tp of the lubri- 
cating pump 2, the PC CPU 18 stops the operation of 
the lubricating pump 2 (Step S16), resets the counter L 
and the flag Fi (Step Si 7), and subtracts the quantity g' 
of grease delivered by one automatic lubricating opera- 
tion from the present value of a grease residual quantity 
storage register g (initial value is gf) storing the residual 
quantity of grease in the reserve tank to update the 
value of residual quantity g of grease in the reserve tank 
(StepSl8). 

[0039] The PC CPU 18 divides the present value g of 
residual quantity of grease by the delivery quantity g' 
(setting value) of grease for one cycle to determine the 
number of automatic lubricating operations [g/g] capa- 
ble of being executed with the grease remaining in the 
reserve tank, multiplies this value by the present value 
Ls of lubrication interval to determine the remaining 
time [(g/g') x Ls] for which normal automatic lubricating 
operation can be continued without the refilling of 
grease to the reserve tank, and displays the remaining 
time together with the present value g of residual quan- 
tity of grease on a display of the manual data input 
device 29 to tell the effect to the operator (Step S19). 
[0040] The operation time Tp of the lubricating pump 
2 is set considering the change in viscosity of grease 
caused by the fluctuations in the ambient temperature 
t2. Therefore, the quantity of grease actually delivered 
by one automatic lubricating operation is kept at a sub- 
stantially fixed value approximate to the setting value g', 
and the residual quantity g of grease in the reserve tank 
and the remaining time [(g/g*) x Ls] can be calculated 
exactly as compared with the conventional lubricator. 
[0041] If the present time is read from a clock built in 
the controller 10, [(g/g') x Ls] is added to this value, and 
the sum is displayed, predicted date and time when the 
refilling of grease is needed can be displayed in place of 
the allowance time until the refilling of grease. 
[0042] Next, the PC CPU 18 determines whether or 
not the residual quantity g of grease in the reserve tank 
has decreased to a degree such that the refilling of 
grease is needed, for example, whether or not the resid- 
ual quantity g is not larger than 10% of the maximum 
storage quantity gf in the reserve tank (Step S20). If the 
residual quantity g of grease exceeds 10% of the maxi- 
mum storage quantity gf, the refilling work of grease to 
the reserve tank need not be performed for a while, so 
that the automatic lubrication process of this cycle is fin- 
ished without being further executed. 
[0043] Thereupon, when there is a margin for residual 
quantity g of grease in the reserve tank, that is. when 
the determination result of Step S20 is No, the display of 



the residual quantity g of grease in the reserve tank and 
the remaining time [(g/g') x Ls] is only updated by the 
processes of Steps S18 and S19 and displayed. 
[0044] Since both of the flags F1 and F2 are set at 0 

5 from the next cycle, the processes of Steps S1 to S7 are 
repeatedly executed for each predetermined cycle in 
the same manner as described before. If the value of 
the counter L exceeds the lubrication interval Ls, the 
processes of Steps S8 to S14 are executed, and the 

io processes of Steps S1. S15 and S28 are repeatedly 
executed until the value of the counter L reaches the 
operation time Tp of the lubricating pump 2. If L £ 3 Tp, 
the processes of Steps S16 to S20 are executed. There- 
after, these processes are repeatedly executed, and 

15 automatic lubricating operation is repeatedly performed 
for the pump operation time Tp considering the ambient 
temperature t2 for each lubrication interval Ls consider- 
ing the cycle time S and the ball screw temperature t1 of 
injection molding machine. 

20 [0045] If the determination result of Step S20 
becomes Yes during the time when the automatic lubri- 
cating operation is repeatedly performed, and it is 
judged that the residual quantity g of grease in the . 
reserve tank has decreased to a degree such that the 

25 refilling of grease is needed, the PC CPU 18 displays an 
alarm message that the reserve tank should be refilled 
with grease on the display of the manual data input 
device 29 to tell the effect to the operator (Step S21). 
and sets the flag F2 showing a waiting state of refilling 

30 of grease to the reserve tank (Step S22). 

[0046] Next, the PC CPU 18 determines whether or 
not the refilling of grease to the reserve tank has been 
finished (Step S23). Since the refilling work of grease by 
the operator is not finished in the same process cycle. 

35 the determination result is No. Therefore, the PC CPU 
18 executes the processes of Steps S3 to S7 in the 
same cycle in the same manner as described before, 
and then finishes the automatic lubrication process of 
this cycle. 

40 [0047] As the result that the flag F2 is set, in the auto- 
matic lubrication process in the next and subsequent 
cycle, the processes of Steps S1 , S2, S23. and S3 to S7 
are repeatedly executed, and the PC CPU 18 enters a 
waiting state for waiting the refilling of grease to the 

45 reserve tank. During this time, the determination proc- 
ess of Step S23 is repeatedly executed, and whether or 
not the reserve tank has been refilled with grease is 
checked by the PC CPU 18. 

[0048] Even if an alarm message that the reserve tank 
so should be refilled with grease is displayed on the display 
of the manual data input device 29, about 10% of the 
maximum storage quantity gf of grease remains in the 
reserve tank. Therefore, several automatic lubricating 
operations can be performed continuously in this staie. 
55 Thereupon, when the next lubrication interval Ls comes 
before the operator refills the reserve tank with grease, 
the processes of Steps S8 to S14, S16 to S22. and S28 
are repeatedly executed in the same manner as 
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described before, and the automatic lubricating opera- 
tion for the injection molding machine is performed with- 
out trouble. 

[0049] Since the alarm message is displayed in the 
state in which some quantity of grease remains in the 5 
reserve tank, even if a variation occurs in the actual 
delivery quantity of grease used for one automatic lubri- 
cating operation, for example, even if the actual delivery 
quantity of grease becomes larger than the estimated 
value g', the automatic lubricating operation can be per- io 
formed during the time until the reserve tank is refilled 
with grease, so that the actual lubricating operation is 
not hindered. 

[0050] The operator, who has checked the alarm mes- 
sage of refilling of grease during this time, refills the 75 
reserve tank with grease and operates a refill finish but- 
ton on the manual data input device 29. Then, the PC 
CPU 18 detects this operation in the determination 
process of Step S23, and updates the value of the reg- 
ister g storing the residual quantity of grease to the max- 20 
imum storage quantity gf (Step S24). Next, the PC CPU 
1 8 releases the alarm display on the display of the man- 
ual data input device 29 (Step S25), and resets the flag 
F2 showing the waiting state of refilling of grease to the 
reserve tank (Step S26). Thereafter, the PC CPU 18 25 
determines the present value g of residual quantity of 
grease and the remaining time [(g/g') x Ls] for which 
normal lubricating operation can be continued without 
refilling of grease, and displays the present value g of 
residual quantity of grease and the remaining time 30 
[(g/Q') x Ls] on the display of the manual data input 
device 29 (Step S27), and executes the processes of 
Steps S3 to S7 in the same manner as described 
before, by which the automatic lubrication process of 
this cycle is finished. 35 
[0051] If it is judged in the determination process of 
Step S7 that the value of the counter L counts the lubri- 
cation interval Ls in the automatic lubrication process in 
the next and subsequent cycle, on each occasion the 
lubricating pump 2 is operated for the operation time Tp 40 
according to the ambient temperature, so that the auto- 
matic lubricating operation is performed. Also, if it is 
judged in the process of Step S20 that the quantity g of 
grease in the reserve tank decreases and becomes 
smaller than 10% of the total quantity, the alarm mes- 45 
sage of refilling of grease is displayed again. By refer- 
ring to this alarm message, the operator refills the 
reserve tank with grease. Thereafter, this operation is 
repeated. 

[0052] The above is a description of an example as so 
one embodiment in which the quantity of grease deliv- 
ered by one automatic lubricating operation is kept at a 
substantially constant value by controlling the operation 
time Tp of the lubricating pump 2 based on the ambient 
temperature t2. However, a pressure sensor for detect- 55 
ing the rise in pressure of grease may be installed on 
the terminal lubricating unit 7 so that the operation of 
the lubricating pump 2 is stopped at the stage at which 



the detected pressure reaches a setting value. In this 
case, the calculation process of the operation time Tp in 
Step S9 is unnecessary. It is necessary only that after 
the lubricating pump 2 is operated in the process of 
Step S11, the operation of the lubricating pump 2 be 
stopped by determining in the process of Step S11 
whether or not the detected pressure of the pressure 
sensor has reached the setting value. Naturally, the 
process of Step S8 is unnecessary. . 
[0053] In particular, in the case where not only the 
ambient temperature varies, but various lands of grease 
with different viscosity etc. are used to test its suitability 
for a lubricant for injection molding machine, that is, in 
the case where conditions other than ambient tempera- 
ture have an effect on the lubrication state, it is more 
reliable that the lubricating pump 2 is operated until the 
rise in pressure of grease on the terminal lubricating 
unit 7 is detected. 

[0054] Also, in the above<J escribed embodiment, the 
mean value of the cycle time S, ball screw temperature 
tl , and ambient temperature t2 has been determined. 
However, the mean value is not determined, and the 
lubrication interval Ls, the correction value ADL therefor, 
and the operation time Tp of the lubricating pump 2 may 
be determined based on the cycle time S. ball screw 
temperature tl . and ambient temperature t2 at the stage 
at which the counter L reaches the lubrication interval 
Ls. In this case, the processes of Steps S6 and SB are 
unnecessary. 

[0055] In the above-described embodiment, tempera- 
ture has been measured with the temperature detector 
8 installed on the lubricating unit 7 formed by the socket 
installed to the ball screw to represent the load of injec- 
tion molding machine. However, the load (calorific 
value) of injection molding machine may be measured 
with a temperature detector installed on the lubricating 
unit 7 of the socket of ball screw for injection mecha- 
nism, the pivotally mounting sleeve provided in the rock- 
ing section of toggle mechanism, or the like. Also, 
temperature detectors may be arranged at several 
places to measure the load of injection molding 
machine by averaging the detected values. 
[0056] Next, another embodiment will be described 
with reference to a flowchart for automatic lubrication 
process shown in FIG. 7, in which embodiment, a coun- 
ter C1 for counting the number of mold clamping opera- 
tions, a counter C3 for counting the number of 
injections, and a temperature detector 30 for detecting 
the temperature of injection ball screw are provided on 
the injection molding machine side, and the lubrication 
interval is adaptively controlled by controlling a setting 
value Cs of the number of shots by which the lubricating 
operation is performed. 

[0057] Although in the above-described embodiment, 
the lubrication interval has been controlled by the set- 
ting value Ls of time, this embodiment differs from the 
above-described embodiment in that the lubrication 
interval is controlled by the setting value Cs of the sub- 
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stantial number of shots. Further, as in the case of mold 
clamping control work and purging work, considering a 
case where only a particular portion of injection molding 
machine such as an injection mechanism or a mold 
clamping mechanism is driven, both of the number of 
injections C3 and the number of mold clamping opera- 
tions C1 are detected as the number of shots, and when 
at least one of the two reaches the setting value Cs of 
the number of shots, lubrication is effected, by which the 
running out of grease due to the driving of the particular 
portion is prevented. 

[0058] The PC CPU 18, which has started the auto- 
matic lubrication process for each predetermined cycle, 
first determines whether or not a flag F1 showing auto- 
matic lubricating operation being executed is set (Step 
T1), and whether or not a flag F2 showing a waiting 
state of refilling of grease to the reserve tank is set (Step 
T2). Since the automatic lubricating operation is not 
being performed at the initial stage after the start of 
process, and the reserve tank is full of grease, neither 
flag is set. Therefore, the determination results of Steps 
T1 and T2 are No. 

[0059] Then, the PC CPU 18 determines whether 
automatic operation is selected or manual operation 
(including semi-automatic operation) is selected as the 
operation mode of injection molding machine (Step T3). 
If automatic operation is not selected, the automatic 
lubrication process of this cycle is finished without being 
further executed. The values of the counter C1 for 
counting the number of mold damping operations and 
the counter C3 for counting the number of injections are 
automatically counted up by one reciprocating opera- 
tion of the mold clamping mechanism or one reciprocat- 
ing operation of the injection screw independently of 
automatic operation and manual operation (including 
semi-automatic operation). 

[0060] On the other hand, if automatic operation is 
selected, the PC CPU 18 first increases the value of the 
counter L forming the timer by 1. and updates and 
stores the elapsed time from the previous automatic 
lubricating operation (Step T4). Then, the PC CPU 18 
reads the values of the molding clamping counter C1 
and the injection counter C3 (Step T5), and determines 
whether or not the present value of the mold clamping 
counter C1 reaches the setting value Cs of the number 
of shots by which the lubricating operation is performed 
(Step T6). If the determination result is No. the PC CPU 
18 further determines whether or not the present value 
of the injection counter C3 reaches the setting value Cs 
(step T7). 

[0061] If the present values of both counters do not 
reach the setting value Cs. automatic lubricating opera- 
tion need not yet be performed at this stage, so that the 
PC CPU 18 finishes the automatic lubrication process 
of this cycle without further executing it. 
[0062] Thereafter, until the present value of the mold 
clamping counter C1 or that of the injection counter C3 
reaches the initial setting value Cs of lubrication inter- 



val, only the processes of Steps T1 to T7 are repeatedly 
executed. 

[0063] If during the time when such processes are 
repeatedly executed, it is judged in the determination 

5 process of Step T6 that the present value of the mold 
clamping counter C1 has reached the initial setting 
value Cs of the number of shots at the lubrication inter- 
val, the PC CPU 18 reads the present value t1 of the 
mold clamping ball screw temperature via the tempera- 

w ture detector 8 for the mold clamping ball screw (Step 
Til), determines a correction value ADCsl of lubrica- 
tion interval corresponding to the present value tt of the 
mold clamping ball screw temperature by referring to 
the data file in the nonvolatile memory 24 (Step T12), 

75 and stores this value in a correction value storage regis- 
ter ADCs (StepT13). 

[0064] 11 the correction value ADCsl is replaced with 
ADL. the logical structure of data file regarding the mold 
clamping ball screw temperature tl is substantially the 

20 same as that of the aforementioned data file shown in 
FIG. 4. In this embodiment, however, since the lubrica- 
tion interval is controlled on the basis of the number of 
executions of shot, in the correction value column of 
data file corresponding to FIG. 4, the correction value 

25 ADCsl (integral number) of the number of executions of 
shot, not the correction value ADL of time, is stored. 
[0065] On the other hand, during the time when the 
processes of Steps T1 to T7 are repeatedly executed, if 
it is judged in the determination process of Step T7 that 

30 the present value of the injection counter C3 has 
reached the initial setting value Cs of the number of 
shots at the lubrication interval, the PC CPU 18 reads 
the present value t3 of the injection ball screw tempera- 
ture via the temperature detector 30 for the injection ball 

35 screw (Step T8), determines a correction value ADCs3 
of lubrication interval corresponding to the present 
value t3 of the injection ball screw temperature by refer- 
ring to the data 1ile in the nonvolatile memory 24 (Step 
T9), and stores this value in a correction value storage 

40 register ADCs (Step Tl 0). 

[0066] The logical structure of the data file regarding 
the injection ball screw temperature t3 is also substan- 
tially the same as that of the data file shown in FIG. 4. In 
this embodiment, however, since the lubrication interval 

45 is controlled on the basis of the number of executions of 
shot, in the correction value column of data file corre- 
sponding to FIG. 4, the correction value ADCs3 (integral 
number) of the number of executions of shot, not the 
correction value ADL of time, is stored as in the case of 

50 the aforementioned data tile of mold clamping ball 
screw temperature t1 . 

[0067] The CP CPU 18, which has determined the 
correction value ADCs of lubrication interval based on 
the temperature of ball screw having the larger number 
55 of operations in the process of Step T13 or T10. reads 
the present value t2 of ambient temperature via the 
thermometer 9 (Step T14), and determines the correc- 
tion value ADCs* of lubrication interval for the ambient 
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temperature t2 and the value of operation time Tp of the 
lubricating pump 2 corresponding to the ambient tem- 
perature t2 (Step T15). 

[0068] The structure of the data file storing the correc- 
tion value ADCs' (integral number) ot lubrication interval 
for the ambient temperature t2 is as shown in FIG. 4 like 
the logical structure of the data file regarding the mold 
clamping ball screw temperature t1 and injection ball 
screw temperature t3. Also, the structure of the data file 
storing the operation time Tp of the lubricating pump 2 
corresponding to the ambient temperature t2 is exactly 
the same as that shown in the aforementioned FIG. 5. 
[0069] Next, the CP CPU 18 adds the correction value 
ADCs of lubrication interval based on the ball screw 
temperature and the correction value ADCs 4 of lubrica- 
tion interval based on the ambient temperature t2 to the 
present setting value Cs of the number of shots for car- 
rying out lubrication to correct the setting value Cs of 
the number of shots for carrying out lubrication to a 
value Cs considering the temperature t1 or t3 of ball 
screw having the larger number of operations (Step 
T16). 

[0070] As described above, when the value of the 
injection counter C3 first reaches the setting value Cs 
by driving the injection mechanism only, the value of the 
injection ball screw temperature t3 is considered. Also, 
when the value of the mold clamping counter C1 first 
reaches the setting value Cs by driving the mold clamp- 
ing mechanism only, the value of the mold clamping ball 
screw temperature t1 is considered. 
[0071] Then, the CP CPU 18 stores the present value 
of the counter L, that is, the required time from the pre- 
vious automatic lubricating operation to the present 
automatic lubricating operation in a register Ls (Step 
T17), gives an operation command to the lubricating 
pump 2 to start the delivery of grease (Step T18), resets 
the values of the counters L, C1 and C3 (Steps T19 and 
T20), and sets the flag F1 showing automatic lubricating 
operation being executed (Step T21 ), by which the auto- 
matic lubrication process of this cycle is finished. 
[0072] As the result that the flag F1 is set, in the auto- 
matic lubrication process of the next cycle, the determi- 
nation result of Step T1 becomes Yes. Then, it is 
determined whether or not the value of the counter L 
reaches the operation time Tp of the lubricating pump 2 
(Step T22). At the present stage immediately after the 
start of operation of the lubricating pump 2, the determi- 
nation result is No. Therefore, the PC CPU 18 increases 
the value of the counter L by 1 (Step T35), by which the 
automatic lubrication process of this cycle is finished. 
[0073] Thereafter, only the processes of Steps T1, 
T22 and T35 are repeatedly executed for each predeter- 
mined cycle. During this time, if it is judged in the deter- 
mination process of Step T22 that the value of the 
counter L has reached the operation time Tp of the lubri- 
cating pump 2, the PC CPU 18 stops the operation of 
the lubricating pump 2 (Step T23), resets the counter L 
and the flag F1 (Step T24), and subtracts the quantity g' 



of grease delivered by one automatic lubricating opera- 
tion from the present value of a grease residual quantity 
storage register g (initial value is gf) storing the residual 
quantity of grease in the reserve tank to update the 
5 value of residual quantity g of grease in the reserve tank 
(Step T25). 

[0074] The PC CPU 18 divides the present value g of 
residual quantity of grease by the delivery quantity g* 
(setting value) of grease for one cycle to determine the 
w number of automatic lubricating operations [g/g] capa- 
ble of being executed with the grease remaining in the 
reserve tank, multiplies this value by the value Ls of time 
corresponding to the substantial lubrication interval to 
determine the remaining time [(g/g') x Ls] for which nor- 
15 mal automatic lubricating operation can be continued 
without the refilling of grease to the reserve tank, and 
displays the remaining time together with the present 
value g of residual quantity of grease on the display of 
the manual data input device 29 to tell the effect to the 
20 operator (Step T26). 

[0075] The operation time Tp of the lubricating pump 
2 is set considering the change in viscosity of grease 
caused by the fluctuations in the ambient temperature 
t2. Therefore, the quantity of grease actually delivered 
25 by one automatic lubricating operation is kept at a sub- 
stantially fixed value approximate to the setting value g\ 
and the residual quantity g of grease in the reserve tank 
and the remaining time [(g/g') x Ls] can be calculated 
exactly as compared with the conventional lubricator. 
30 [0076] If the present time is read from the clock built in 
the controller 10, [(g/g') x Ls] is added to this value, and 
the sum is displayed, predicted date and time when the 
refilling of grease is needed can be displayed in place of 
the allowance time until the refilling of grease. 
35 [0077] Next, the PC CPU 18 determines whether or 
not the residual quantity g of grease in the reserve tank 
has decreased to a degree such that the refilling of 
grease is needed, for example, whether or not the resid- 
ual quantity g is not larger than 10% of the maximum 
40 storage quantity gf in the reserve tank (Step T27). If the 
residual quantity g of grease exceeds 10% of the maxi- 
mum storage quantity gf, the refilling work of grease to 
the reserve tank need not be performed for a while, so 
that the automatic lubrication process of this cycle is fin- 
ished without being further executed. 
[0078] Thereupon, when there is a margin for residua! 
quantity g of grease in the reserve tank, that is. when 
the determination result of Step T27 is No. the display of 
the residual quantity g of grease in the reserve tank and 
the remaining time [(g/g*) x Ls] is only updated by the 
processes of Steps T25 and T26 and displayed. 
[0079] Since both of the flags F1 and F2 are set at 0 
from the next cycle, the processes of Steps T1 to T7 are 
repeatedly executed for each predetermined cycle in 
the same manner as described before. If the value of 
the counter C1 or C3 exceeds the setting value Cs of 
the number of shots corresponding to the lubrication 
interval, the processes of Steps T11 to ST13 or Steps 
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T8 to T10 and Steps T14 to T21 are executed, and the 
processes of Steps T1, T22 and T35 are repeatedly 
executed until the value of the counter L reaches the 
operation time Tp of the lubricating pump 2. If L £ 3 Tp, 
the process of Step T27 is executed. Thereafter, these 5 
processes are repeatedly executed, the temperature tl 
or t3 of ball screw having the larger number of opera- 
tions tees precedence, and automatic lubricating opera- 
tion is repeatedly performed for the pump operation 
time Tp considering the ambient temperature t2 for 70 
each number of shots Cs of lubrication interval consid- 
ering the ambient temperature t2. 
[0080] If the determination result of Step T27 
becomes Yes during the time when the automatic lubri- 
cating operation is repeatedly performed, and it is is 
judged that the residual quantity g of grease in the 
reserve tank has decreased to a degree such that the 
refilling of grease is needed, the PC CPU 18 displays an 
alarm message that the reserve tank should be refilled 
with grease on the display of the manual data input 20 
device 29 to tell the effect to the operator (Step T28), 
and sets the flag F2 showing a waiting state of refilling 
of grease to the reserve tank (Step T29). 
[0081] Next, the PC CPU 18 determines whether or 
not the refilling of grease to the reserve tank has been 25 
finished (Step T30). Since the refilling work of grease by 
the operator is not finished in the same process cycle, 
the determination result is No. Therefore, the PC CPU 
18 executes the processes of Steps T3 to T7 in the 
same cycle in the same manner as described before, 30 
and then finishes the automatic lubrication process of 
this cycle. 

[0082] As the result that the flag F2 is set, in the auto- 
matic lubrication process in the next and subsequent 
cycle, the processes of Steps T1 , T2, T30, and T3 to T7 35 
are repeatedly executed, and the PC CPU 18 enters a 
waiting state for waiting the refilling of grease to the 
reserve tank. During this time, the determination proc- 
ess of Step T30 is repeatedly executed, and whether or 
not the reserve tank has been refilled with grease is 40 
checked by the PC CPU 18. 

[0083] Even if an alarm message that the reserve tank 
should be refilled with grease is displayed on the display 
of the manual data input device 29, about 10% of the 
maximum storage quantity gf of grease remains in the 45 
reserve tank. Therefore, several automatic lubricating 
operations can be performed continuously in this state. 
Thereupon, when the next lubrication interval Ls comes 
before the operator refills the reserve tank with grease, 
the processes of Steps Til to T13 or T7 to T10, and so 
Steps T14 to T21 and T23 to T29 and T35 are repeat- 
edly executed in the same manner as described before, 
and the automatic lubricating operation for the injection 
molding machine is performed without trouble. 
[0084] Since the alarm message is displayed in the ss 
state in which some quantity of grease remains in the 
reserve tank, even if a variation occurs in the actual 
delivery quantity of grease used for one automatic lubri- 



cating operation, for example, even if the actual delivery 
quantity of grease becomes larger than the estimated 
value g', the automatic lubricating operation can be per- 
formed during the time until the reserve tank is refilled 
with grease, so that the actual lubricating operation is 
not hindered. 

[0085] The operator, who has checked the alarm mes- 
sage of refilling of grease during this time, refills the . 
reserve tank with grease and operates the refill finish 
button on the manual data input device 29. Then, the 
PC CPU 18 detects this operation in the determination 
process of Step T30, and updates the value of the reg- 
ister g storing the residual quantity of grease to the max- 
imum storage quantity gf (Step T31). Next, the PC CPU 
18 releases the alarm display on the display of the man- 
ual data input device 29 (Step T32), and resets the flag 
F2 showing the waiting state of refilling of grease to the 
reserve tank (Step T33). Thereafter, the PC CPU 18 
determines the present value g of residual quantity of 
grease and the remaining time [(g/g') x Ls] for which 
normal lubricating operation can be continued without 
the refilling of grease, and displays the present value g 
of residual quantity of grease and the remaining time ^ 
[(g/g') x Ls] on the display of the manual data input 
device 29 (Step T34), and executes the processes of 
Steps T3 to T7 in the same manner as described 
before, by which the automatic lubrication process of 
this cycle is finished. 

[0086] If it is judged in the determination process of 
Step T6 or T7 that the value of the counter Cl or C3 
counts the number of shots Cs of lubrication interval in 
the automatic lubrication process in the next and subse- 
quent cycle, on each occasion the lubricating pump 2 is 
operated for the operation time Tp according to the 
ambient temperature, so that the automatic lubricating 
operation is performed. Also, if it is judged in the proc- 
ess of Step T27 that the quantity g of grease in the 
reserve tank decreases and becomes smaller than 1 0% 
of the total quantity, the alarm message of refilling of 
grease is displayed again. By referring to this alarm 
message, the operator refills the reserve tank with 
grease. Thereafter, this operation is repeated. 
[0087] According to this embodiment, both of the val- 
ues of the mold clamping counter C1 and the injection 
counter C3 are detected as the substantial number of 
shots, and lubricating operation is performed at the 
stage at which either one of these values reaches the 
setting value Cs of the number of shots for carrying out 
lubrication. Therefore, as in the case of mold clamping 
control work and purging work by manual operation, 
even when only a particular portion of injection molding 
machine such as the injection mechanism or the mold 
clamping mechanism is driven, the occurrence of run- 
ning out of grease in the particular portion can be pre- 
vented. 

[0088] According to the present invention, since the 
lubricating conditions is adaptively controlled according 
to the operation environment of injection molding 
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machine, even if the cycle time and ioad of injection 
molding machine, ambient temperature, and the like are 
varied, proper automatic lubricating operation can be 
performed, and the injection molding machine can be 
used in a satisfactory condition for a long period of time. 5 
[0089] Also, since the quantity of grease consumed for 
one automatic lubricating operation is kept constant by 
the proper lubricating conditions, the residual quantity of 
grease and. the remaining time until the refilling, of 
grease is needed, or the date and time when the refilling w 
of grease is needed can be predicted exactly. Moreover, 
since the residual quantity of grease and the remaining 
time or the date and time when the refilling of grease is 
needed are displayed on the display, the running out of 
grease can be prevented by refilling the reserve tank 15 
with grease at a proper time. 

[0090] Further, even when only a particular portion of 
injection molding machine such as the injection mecha- 
nism or the mold clamping mechanism is operated, the 
occurrence of running out of grease in the particular 20 
portion can be prevented. 

Claims 

1. An automatic lubricator for an injection molding 25 
machine, comprising: 



5. An automatic lubricator for an injection molding 
machine according to claim 4. wherein said control- 
ler makes said lubricating pump perform the lubri- 
cating operation each time when at least one of the 
number of injection operations and the number of 
mold clamping operations of the injection molding 
machine reaches said set number of shots. 

6. An automatic lubricator for an injection molding 
machine according to any one of claims 1 to 5, 
wherein said automatic lubricator further comprises 
a display device, and said controller makes said 
display device display at least one of the residual 
quantity of lubricant in a reserve tank, remaining 
time until refilling of lubricant is needed, and date 
and time when the refilling of lubricant is needed. 



a lubricating pump for supplying lubricant to 
movable parts of the injection molding 
machine; and 30 
a controller for controlling an interval of opera- 
tion of said lubricating pump or operating time 
of said lubricating pump for one lubrication 
based on at least one of cycle time of the injec- 
tion molding machine, temperature of the lubri- 35 
cated parts and ambient temperature. 

2. An automatic lubricator for an injection molding 
machine according to claim 1 , wherein said control- 
ler controls the interval of operation of said fubricat- 40 
ing pump based on the cycle time of the injection 
molding machine and the temperature of the lubri- 
cated parts. 

3. An automatic lubricator for ian injection molding 45 
machine according to claim 1 , wherein said control- 
ler controls the operating time of said lubricating 
pump for one lubrication based on the ambient tem- 
perature of the injection molding machine. 

50 

4. An automatic lubricator for an injection molding 
machine according to claim 1 , wherein said control- 
ler makes said lubricating pump perform the lubri- 
cating operation each time when set number of 
shots are completed and also adaptively controls 55 
said lubrication interval by adjusting the set number 

of shots. 
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